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Abstract 
To allow for enhanced quality while reducing machining time, machines have become increasingly complex, thus leading to an 
increase in purchase, running and operator training costs. In what follows in the present paper, we shall firstly show how a 
serious game can help players to improve their machining skills. The benefits this new tool can have on teaching methods are 
then examined 
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1. Introduction 
Nowadays, competition requires firms to produce parts ever more rapidly to within ever tighter tolerances. Lead-
time and cost imperatives preclude launching a pre-series then making corrections in response to the defects 
observed. To allow for enhanced quality while reducing machining time, machines have become increasingly 
complex, thus leading to an increase in purchase and running costs. As a result, the longer operator learning period 
on such machines combined with higher hourly rates now make operator training particularly expensive.  
To further exacerbate matters, enterprises working in this competitive sector suffer from recruitment problems 
due to the decline in the number of applications to study science and technology degrees. In France, training in 
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mechanical engineering suffers from a real image problem despite the fact that there are good job opportunities in 
the sector. 
In order to respond to a real societal demand, it thus appeared to be a matter of urgency to ensure that training 
evolves towards new innovative and effective teaching aid products compatible with the high level of technical 
knowledge required in the field. 
2. Evolution of design and manufacturing methods 
The evolution of industrial design and manufacturing methods tends toward more virtualization. Such work has 
already been done to promote collaborative design projects in a context of cloud computing [1]. The scenario 
proposed in this paper concerns synchronous teaching but a change is contemplated toward the transmission of 
knowledge between remote sites. . An evolution in the way of virtualization can also be noticed in the field of 
education (MOOC, Serious games, …). 
Indeed, with the globalization of design and manufacturing, one of the major stakes in design today is to allow 
efficient collaboration between project stakeholders regardless of their geographical location. The development of 
Information and Communication Technologies has made possible to provide tools intended to facilitate distributed 
collaborative design [2]. However, some of these tools, originating from the industrial domain, are cumbersome: this 
reduces their accessibility to users, who often require a long training period. In the matter of engineering education, 
training programs have evolved to take these changes into account [3]. Besides, in the case of education for 
distributed mechanical engineering, some available free tools are easy to master, and are widely broadcast on 
multimedia platforms. This is not the case for commercially available solutions, although these have other merits [4]. 
Starting in the late 1980s and continuing to the present day, methodologies for product design and manufacturing 
have evolved greatly. Towards the end of the 1980s and the early 1990s, two forms of design organization emerged 
as distinct alternatives: sequential design, which involves carrying out design tasks one after the other, and 
concurrent engineering [5-6-7], also known as integrated design [8]. Two aspects of concurrent engineering that 
distinguish it from conventional approaches for product development are cross-functional integration and 
concurrency. By carrying out all these tasks in a parallel fashion, it becomes possible to reduce the time and costs 
associated with design, but also to improve the quality of products. With the development of Information 
Technology (IT), concurrent engineering methods evolved gradually towards collaborative engineering, which 
emerged in the 1990s. As it is the case for concurrent engineering, overlapping tasks are still present in collaborative 
engineering, but project stakeholders are requested to work together and interact in order to reach an agreement and 
make shared decisions [9]. In the early 2000s, Product Lifecycle Management (PLM) emerged as a solution to better 
adapt industrial design to the demands of globalization. With the development of Product Data Management (PDM), 
PLM and associated workflows, software firms proposed solutions to the everyday problems of engineering design 
departments (versioning of documents, naming conventions, etc.). PLM aims to cover all the stages of product 
development by integrating the processes and the people taking part in the project [10]. This concept is generally 
used for industrial products. The PLM approach can be viewed as a trend towards complete integration of all the 
software tools involved in design and operational activities during the product lifecycle [11]. These evolutions in 
design methodology have all been made possible by the development of specific software tools. 
The development of Mecagenius also helps to virtualize the process of design and industrialization. Indeed, it 
proposes a digital link for missing steps between design and manufacturing and gives the opportunity to learn in a 
fun way. 
3. State of the art 
Over the last few years, many research and industrial laboratories have developed tools to simulate the behaviour 
of a machine tool during the different stages in machining. These works share the objective of seeking to respond to 
the need to take into account the various parameters involved during the machining process. Two main types of NC 
machine tool simulators are available on the market; the machine based simulator allowing movements of the 
machine under consideration to be simulated and the software-based simulator that gives a computerised simulation 
of the various stages in material removal commanded by the Numerical Control (NC) program. The obvious 
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advantage for the user is to be able to gain access to a world of extremely costly NC machine tools and be able test 
things out even in crisis scenarios (breakages, extreme conditions, etc.) without the risk of provoking costly errors. A 
number of research papers [12 -13]. stress the limits to such artefacts that merely simulate cutter paths through 
reading the program. Looking at things from a teaching-apprenticeship perspective, simulators are not yet suited to 
remote training situations and still pose real problems of accessibility. Moreover they fail to simulate a machine as a 
whole even though they do help to provide a better understanding of the theoretical concepts. In addition, there is no 
fun side to these representations. 
In the following of this study we will focus on serious games in the field of mechanical engineering. Although 
there is a wide range of developments covering NC machine tool simulation, few works address serious games in 
this area. Extending the research perimeter, it can be seen that the only existing serious games mostly concern the 
mechanical engineering design field [14]. These sometimes include constraints in terms of total development cost, 
time and quality [15]. In some instances, undergraduate students in mechanical engineering are given the task of 
writing computer programs relating to a car race around a racing track [16]. 
No such serious games seek to consistently take up the models used by machine tool simulators. There also 
appears to be a lack of serious games working towards development of the skills required for mechanical 
manufacturing and machining.  
Over the last few years, innovative pedagogical solutions have been implemented within the scope of teaching 
projects [9, 17]. However, such projects are mainly based on collaboration between a number of students and the 
strategy for collaboration does not involve a game scenario. Furthermore, there is a paucity of research work on the 
didactics of serious games in mechanical engineering in engineering faculties. 
Thus, to answer to the training needs, it will be useful to create artefacts tailored to the needs of the new 
generations (the so-called Y-generation), strongly imbued with a digital technology culture [18]. This explains the 
emergence of the learning game Mecagenius®1 , the fruit of combined efforts by computer specialists, mechanical 
engineers and didactics experts. This multidisciplinary project was financed in part by the French Ministry for the 
Economy, Industry and Employment within the scope of the Serious Gaming Call for Projects (Secretariat of State 
for the Digital Economy, 2009). 
4. Mecagenius® presentation  
The term Serious Game refers to games whose primary goal is other than mere entertainment [19]. The objective 
of serious games is to teach or learn while also having fun thanks to computer applications [20]. The final goal of a 
serious game is to learn, but the fun side acts as a catalyser. It transforms apprenticeship by contributing the two 
fundamental ingredients of pedagogics: action and emotion. The learning game could well be defined by the 
following equation:  
Game + Teaching Scenario + Feed-back = Learning Game. 
Mecagenius® is a learning game designed to discover a manufacturing workshop, learn to implement NC machine 
tools, machine workpieces and optimise production. Mecagenius® fosters active apprenticeship in an immersive and 
interactive virtual workshop. The students have the opportunity to discover the basic concepts of manufacturing and 
mechanical engineering. The 216 teaching activities scripted in Mecagenius® were designed by teaching experts and 
were studied to guarantee success in the learning process. 
The design of Mecagenius® relied both on skills baselines, the needs expressed by mechanical engineering 
professors and many years of teaching experience of a panel of teachers. Priority was given to design centred on the 
end user of the tool and right from the start the experience of mechanical engineering professors was integrated into 
the design process [21] while also remaining open to technical progress in the mechanical engineering field. 
Mecagenius® is a learning game to serve classroom apprenticeships with the overriding goal of teaching the key 
concepts of mechanical engineering, learning them while also having fun. 
 
 
1 http://mecagenius.univ-jfc.fr 
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Mecagenius® can be seen as a virtual companion to apprenticeship through action in the process of producing a 
technical artefact. 
Its design uses Adobe Flash technology for greater accessibility and offers more than two hundred scripted 
activities, each lasting three minutes on average and covering all levels of training (beginner, intermediate or expert) 
for machining operators through to qualified engineers. For each level, activities are organised in line with a pre-
established educational trail whose parameters can be set and that can be adapted to various training contexts. Two 
modes of utilisation are offered. The first, in game mode, follows a narrative scenario where the learner is guided 
through the three main rooms of a space vessel that has crashed down onto a remote star with ten models for 
activities. For each of them, a library of resources is renewed with each new use. In addition, customised teaching 
accompaniment is offered the learner according to the activity, with help and feed-back. The second mode of access 
is in training mode, with the teacher able to access all activities in a targeted manner, building his or her own 
emerging course structure in relation to the teaching context and the target audience. Mecagenius® also offers the 
teacher monitoring tools, as with the display of individual or collective results, progress monitoring, detailed marks 
after each game is completed and the overall scores achieved. The students-players can access their own profiles that 
give a summary of the activities performed in each category (see Fig.1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Player-student profile. 
Mecagenius® allows various topics in the field of mechanical engineering to be covered, as with the identification 
and architecture of machine tools, running an NC machine tool, machining procedure and production. For example, 
in a mini-game relating to machining procedure, the player must associate surfaces with machining operations 
(facing, turning, profiling and cutting) and sequence them to obtain the final workpiece required. According to the 
level chosen (beginner, intermediate or expert), various constraints can come in to make things more difficult, for 
example by asking the player to select the geometries or names of the cutting tools required to perform each 
operation (see Figure 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Machining procedure mini-game. 
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5. Experimental protocol  
The industrial version of Mecagenius® provided the point of departure for experimentation in 2 French regions: 
Île-de-France and Midi-Pyrénées. This series of experiments was financed by these regions and supported by the 
local education authorities and Aerospace Valley and ASTech competitiveness clusters. Experimentation started in 
February 2013 and continued through 2014, in partnership with the Paris Arts et Métiers ParisTech Campus and a 
number of research laboratories devoted to mechanical engineering2, didactics3, psychology4 and sociology5. 
This collaboration helped achieve the final goal of building methodological tools for the full potential of this 
learning game to be realized [22]. 
It should also help to identify the different uses made by teachers [23] and students, and to promote digital 
learning products adapted to the students. A national competition was held between students using Mecagenius® in 
their class. The final held during the Paris Air Show 2013. 
The panel for the pedagogical experimentation of Mecagenius® was made up of 92 students (chemical 
engineering) at level L3 (third year university undergraduates)  and 49 students (industrial engineering) at level  M1 
(postgraduates in their fourth year at university). The learning game was used in practical sessions lasting 7.5 hours 
for the undergraduate students and 3.5 hours for the M.Sc. students and the groups remained small (24 students 
maximum). The age of students was between 18 and 23. 
Chemical engineering students are not so used with mechanical engineering field as industrial engineering 
students. 
This training set-up was retained precisely due to the extreme variety of levels within the student year. This 
disparity in knowledge among the students is due to their different origins (as with the IUT Mechanical Engineering, 
BTS in Product Design, etc.). In teaching science terms, these differences meant that pedagogical progress had to be 
adapted to each individual. Mecagenius®’s extreme flexibility, with its three levels of difficulty in the game, gave the 
participants the opportunity to choose their own learning pathway and their own basic level starting point. In 
addition, there was the choice of exercises the students were to do to make progress in the game. 
Fitting to the level of each student allows the Mecagenius® tool’s potential to be illustrated through the 
customised learning process it offers. 
The practical works topic, as handed out at the start of the session, provides for five stages presented on Fig 6. 
Firstly, the teacher gives an introduction to the game, explaining the initial narrative scenario and the final objective 
of Mecagenius®. The second stage sees the teacher hand out customised identifiers and passwords to the students so 
they can connect up with the tool. The subjects then connect up in game mode and choose their game level in 
relation to their capabilities (beginner, intermediate or expert). The fourth stage leaves the students free to operate in 
the Mecagenius® world, with no constraints, so as to take full control. Then, half way through the time slot allocated 
to the practical session, the student switches to the guided game, then connecting to “training” mode. A series of 30 
exercises, identified by the teacher in relation to the expected skills, is then conducted to allow for customised 
acquisition of knowledge. Note that each exercise can be repeated unlimitedly, with the parameters for the 
assessment changing after each failure. Practical work evaluation is performed taking into account the student’s 
score and the assemblies made in Mecagenius®. 
The main objectives of this experimentation were: 
• To validate the tool’s pedagogical relevance, 
• And evaluate the students’ interest in this new innovative pedagogical method. 
 
 
2 Institut Clément-Ader, Toulouse et laboratoire Conception de produits et innovation, Paris 
3 UMR EFTS Education, Formation, Travail, Savoir, Toulouse 
4 Trigone-CIREL, Lille 
5 Centre d’Etude et de Recherche Travail, Organisation, Pouvoir, Toulouse 
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6. Results 
6.1. Data processed 
The data gathered from the experimentation described in the previous section were then analysed. Firstly, 
considering the practical work sessions, the main advantage the students derived was the sense of freedom they felt 
due to the fact that they could make mistakes without causing material damage, operate in a virtual workshop 
without the overriding presence of the teacher and feel free from the risks that are always inherent in a “real” 
machining workshop. 
6.2. Analysis of connection times  
The connection time of every student is measured with a chronometer hidden in Mecagenius®. This tool enables 
us to see which students replayed after school time and how long. It’s also possible to look at the way they used 
Mecagenius. The students were not informed about the presence of these tools. The purpose is to study the interest 
of students for Mecagenius®. 
All the students, as well CE students as IE students, clearly show an attraction in this new innovative pedagogical 
method. Connection times can be observed after school time for all the students, and even some reconnections after 
the final evaluation. 
Fig. 3 below shows, for chemical engineering and industrial engineering students, the proportion of those who 
replayed outside the compulsory sessions. It can be seen that almost one third of students reconnected – a highly 
encouraging result that confirms the interest aroused in our students by this learning game. 
 
 
 
 
 
 
 
 
 
Fig. 3. Proportion of students having replayed Mecagenius®. 
In Figure 4 below, it can be seen that 43% of students spent one hour or more replaying Mecagenius®, and 10% 
spent 4 hours and more. These results are extremely positive and show the enthusiasm aroused by this new type of 
teaching method. 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Distribution of time spent as an extra for students who replayed Mecagenius®. 
Then we wanted to compare the different connection times depending on the origin of the students. CE students 
(Chemical engineering) are generally less familiar with the field of manufacturing than IE students (Industrial 
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Engineering). First, we remind that the number of students who replayed after the sessions is almost similar in the 2 
categories (CE and IE). As previously announced, we extracted connection time in game mode and connection time 
in training mode for CE and IE students. Our goal is to focus on strategies of students using Mecagenius® after 
school hours. The two tables below (Figures 5 & 6) gather the connection mode observed  for different students. 
Among students who played again with the game, we select in each group the 10 students who played the longest 
time. For IE students, results (Figure 5) show a significant choice of "training" mode. 90% of these students use 
Mecagenius®in training mode and mainly students number 4-5-6-7-9 and 10. Students mobilize knowledge and 
target mechanical engineering skills 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Time Spent depending on the game mode for IE students (Industrial Engineering) having Mecagenius® replayed more than an hour  
Let’s now examine the results of CE students. For these students the results show nearly the same playing time 
for the "game" and "training" modes (see Figure 6) 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Time spent according to the game mode for students to GE (Energy Engineering processes) have replayed Mecagenius over an hour 
Two main results appear if we summarize the comparisons between the CE and IE students using Mecagenius® 
after school hours. First, we find that the students of Industrial Engineering (IE) used the "training" mode longer 
than the "game" mode. Perhaps it’s because they used Mecagenius longer than CE students (7.5 hours against 3.5 
hours). So they begin to well know the game them and they want know to target specific skills. CE students have 
mostly tried both ways "game" and "training", perhaps to better discover  Mecagenius® . We can conclude that 
students IE students seemed to replayed to improve their machining skills although CE students seemed to replayed 
with a goal of playing.  It could be interesting to study now a link between this behaviour and the importance of 
mechanical engineering in the training of these students. 
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7. Conclusion and future work 
One of the key issues for competitiveness in the manufacturing sector lies in the education and training of future 
young engineers. Sustained by the rapid development of the new Information and Communication Technologies, 
innovative approaches to manage knowledge and nurture skills are needed to overcome students’ declining interest 
in the sciences and engineering.  
The present article showed that such innovation does not simply lie in what a mechanical engineering learning 
game has to offer but also in the way it is used. Serious games have the enormous advantage of breaking with 
conventional learning methods, allowing the learner to become immersed in a particular, scripted environment. 
Technical innovations must not, however, lead necessary pedagogical innovations to be neglected. It is important 
to anticipate the organizational transformations imposed by these new technologies. 
The value added by this serious game will be all the more important that a work of educational engineering is 
done upstream to achieve educational objectives in line with the training of engineers. 
Use of Mecagenius® also demonstrated that a customised follow-up of the students during training made for 
greater efficiency and optimised training time. 
From a user perspective, Mecagenius® was greatly appreciated and aroused a real feeling of pleasure in most 
students. The great majority wished to continue using Mecagenius® in future courses. Studying the ways 
Mecagenius® is used in class also illustrates the essential role of the teacher in optimizing the impact of this learning 
game on the development of the students’ mechanical engineering skills. 
Finally, the results of this analysis showed an encouraging set of guidelines for the development of serious games 
in the field of mechanical manufacturing. This experimentation also pinpoints a number of areas for improvement in 
Mecagenius® as for example in better evaluating the player’s progress through the game (tracking). An extension of 
this experiment is underway in several regions and at different levels mechanical engineering training (college, 
university). 
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